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Virtual material method modeling and modal optimization for ultra－precision flycutting machine tools
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Abstract: In the ultra－precision flycutting，the dynamic performance of the machine tool is the main factor that
leads the waviness error on the machined surface. In order to explore the dynamic performance of ultra－
precision diamond flycutting machine tool and its influence mechanism on the waviness of the machined
surface，the virtual material modeling method was introduced into the whole machine tool. Subsequently，
the modal analysis and optimization of the machine tool were carried out by using the finite element anal-
ysis software. The results indicate that the virtual material model has higher comprehensive precision than
the traditional spring－damper model. Moreover，the modal analysis shows that the fifth mode of the ma-
chine tool with natural frequency of 268 Hz is particularly sensitive to processing. By increasing the joint
stiffness，the modal of the whole machine tool would could be optimized，so that the surface quality can
be improved by eliminating the waviness.







































































式中: MA、MB 及 MV 分别为结构 1、结构 2 和虚拟材料
层的质量矩阵; CA、CB 及 CV 分别为它们的阻尼矩阵;
KA、KB 及 KV 分别为它们的刚度矩阵; xA、xB 为结构 1
和结构 2 的位移量; FA、FB 为结构 1 和结构 2 所受
的力。
采用模态识别手段，识别出结合面的刚度、阻尼等










式中: Kn 为拉压刚度; E 为弹性模量; A 为接触面积; h












模量分别为 10. 09 MPa、20. 18 MPa; 两立柱－床身结合
面虚拟材料弹性模量均为 8. 04 MPa。由于结合面两
侧均为大理石材料，故虚拟材料密度为 2 700 kg /m3。
1. 2 整机模态分析
在 PTC 的 Creo 软件中建立飞切机床 1∶1 三维模
型，并在横梁－立柱以及立柱－床身 4 个结合面之间添




































阶次 测试频率 /Hz 阻尼比 / ( %) 振型描述
1 20. 625 2. 87 立柱沿 z 平移
2 53. 75 3. 84 横梁绕 y 扭转
3 179. 375 1. 03 立柱沿 x 平移
4 218. 25 2. 46 立柱 z 向侧倾













第五阶固有频率为 268 Hz 的模态将引起加工表面约
50 mm 的波纹度误差( 主轴转速: 390 r /min，刀盘直




态机床作为参考组。在此基础上，1 ～ 5 组仿真保持立
柱－床身结合面刚度不变，逐渐增大横梁－立柱结合面




仿真组 横梁－立柱 /MPa 立柱－床身 /MPa
参考组 10. 09 8. 042
1 20 8. 042
2 30 8. 042
3 50 8. 042
4 70 8. 042
5 100 8. 042
6 10. 09 20
7 10. 09 30
8 10. 09 50
9 10. 09 70




















螺栓预紧力由原本的 30 N·m 增大到50 N·m。如此一











柱结合面螺栓预紧力由 30 N·m 增大到50 N·m，以达
到消除微波纹提高表面质量的目的。
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